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© Method for making capacitors in CMOS and NMOS processes. 



© In this process for making capacitors in CMOS 
processes, the upper plate of the capacitors is ob- 
tained through an appropriate masking step, also 
used, alone or together with further successive 
steps, for the definition of the gate regions of the 
transistors, and the lower plate of the capacitors is 
defined exploiting one of the masks used for the 
definition of the upper plate or of the source-drain 
regions of the complementary transistors, allowing 
thereby the manufacture of capacitors with few 
masking steps. 
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with respect to those of devices produced accord- 
ing to known processes. 

The indicated aim, the mentioned objects and 
others which will become apparent hereinafter are 
achieved by a method for making capacitors in 
CMOS and NMOS processes according to the in- 
vention, as indicated in the accompanying claims. 

The characteristics and advantages of the in- 
vention will become apparent from the description 
of preferred but not exclusive embodiments, illus- 
trated only by way of non-limitative example in the 
accompanying drawings, wherein: 

figures 1 to 11 are sectional perspective 
views of a semiconductor wafer at different steps of 
a first embodiment of the method according to the 
invention; and 

figures 12 to 16 are views, similar to the 
previous ones, to illustrate further making steps 
corresponding to those shown in figures 5 to 10 
according to a different embodiment of the inven- 
tive method. 

Reference should initially be made to figure 1, 
illustrating an intermediate structure including a 
substrate 1 with N-type conductivity with orientation 
[100] and 2.5-3 0/cm resistivity, in which a P-well 2 
is formed. In the structure of figure 1 the INT- 
regions 3 (doped with phosphorus) and the P*- 
regions 4 (doped with boron) have already been 
formed The portions of field oxide 5, surrounding 
the active region indicated at 10 in the substrate 
and the active region 12 in the well 2 and covering 
the region 1 1 on which one or more capacitors are 
to be formed are furthermore visible. The surface 
of the structure of figure 1 is covered by a gate 
oxide layer 6 having a thickness equal to 650 A. 

Starting from the structure of figure 1 . similarly 
to the prior art a threshold adjustment mask is 
deposited, as illustrated in figure 2. As can be 
seen, the mask 15 covers the entire surface of the 
intermediate structure except the window 16 at the 
well 2. Then boron ions are implanted, as symbol- 
ized in figure 2 by the arrows 17, for the adjust- 
ment of the threshold. Then the resist layer con- 
stituting the mask 1 5 is removed and a first layer of 
polysilicon with thickness of 4500 A is deposited, 
as indicated in figure 3 by the layer 20. Then, 
always in a known manner, doping POCI3 is depos- 
ited so as to obtain a resistance V/l mono = 3-4 Q 

Differently from the prior art, which comprised 
at this stage the deposition of a first mask for the 
definition of the lower plate of the capacitor and of 
the gate regions, according to the invention the 
surface of the polysilicon layer 20 is oxidated and a 
second polysilicon layer with thickness equal to 
4500 A is then deposited. The structure illustrated 
in figure 4 is thus obtained, with the oxide layer 21 
being superimposed on the first polysilicon layer 




20 and the second polysilicon layer 22 superim- 
posed on the oxide layer 21. Then the polysilicon 
is etched away in the rearward regions in a known 
manner, and thereafter doping by means of POCI3 
5 is carried out to obtain resistance V/l mono = 3-4 
Q . 

A masking step is then performed for the re- 
moval of portions of the second polysilicon layer. 
The mask shown in figure 5 is thus obtained, 
10 constituted by the resist portion 23 covering the 
layer 22 at the region in which the gate of the N- 
channel transistor is to be formed inside the P-well, 
by the portion 23 '. covering the layer 22 at the 
gate of the P-channel transistor to be formed in the 
rs substrate 1, and by the portion 23". connected to 
23 , at the capacitor. Then the uncovered portions 
of the polysilicon layer 22 and the portions, con- 
sequently left uncovered, of the oxide layer 21 are 
etched away; subsequently the mask 23 is re- 

20 moved. Thus the structure illustrated in figure 6 is 
obtained, wherein above the first polysilicon layer 
20 gate regions 21 and 21 " and capacitor regions 
21". remained from the oxide layer, and the cor- 
responding portions 22' 22" and 22" of the second 

25 polysilicon layer are visible. 

Then the mask 25 for the definition of the 
source and drain regions in the well 2 is deposited, 
as shown in figure 7. As can be seen, said mask, 
which is identical to the one for threshold adjust- 

30 ment shown in figure 2. has a window 26 at the 
well 2. Then the uncovered regions of the poly- 
silicon 20 are etched away, with simultaneous re- 
moval also of the portion 22', and then the uncov- 
ered gate oxide (layer 21) is also etched away, 

35 with removal of the uncovered regions of the oxide 
6. Thus the structure of figure 8 is obtained, 
wherein 6 and 6 indicate the remaining portions 
of the first oxide layer, and 20 and 20 ' indicate the 
remaining portions of the first polysilicon layer, 

40 respectively at the well 2 and at the further parts of 
the device. Then arsenic is implanted, as sym- 
bolised in figure 8 by the arrows 28. 

Then the resist constituting the mask 25 is 
removed and the surface if reoxidated, with the 

45 obtainment of a layer 27 which covers the entire 
surface of the involved structure, as shown in figure 
9. Then a further masking step is performed for the 
obtainment of the source-drain mask of the sub- 
strate, as shown in figure 10. wherein the portion 

so 30 of the mask covering the well region 2 and the 
portion 30 which covers the region of the capaci- 
tor are visible. This mask has a window (indicated 
in the figure at 31) which leaves uncovered the 
surface of the structure at the active area of the 

55 substrate and at the field oxide region surrounding 
the capacitor. Then the uncovered portions of the 
oxide layer 27 and the portions, thus uncovered, of 
the first polysilicon layer 20* are etched away, with 
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simultaneous removal also of the remaining portion 
22 of the second polysilicon layer. Then boron is 
implanted through the oxide layer 6 ' for the obtain- 
ment of the source and drain regions of the transis- 
tor formed in the substrate. 5 

By removing the masking resist and possibly 
by performing a further oxidation step, the structure 
of figure 1 1 is thus obtained, with an oxide layer 35 
covering the entire face of the structure including 
the substrate 1 , the well 2, the insulations 3 and 4, ro 
the field oxide regions 5. the source and drain 
regions 33, 34 and the polysilicon gate regions 20' 
and 20". Then the further known steps for forming 
the passivation layers and the metal layers follow. 

As can be observed, in practice, according to rs 
the embodiment shown in the preceding figures, 
for making the capacitor and the complementary 
transistors only four masks are sufficient, and pre- 
cisely the mask 15 (figure 2) for threshold adjust- 
ment, the mask 23'-23" (figure 5) for the definition 20 
of the upper plate of the capacitor and of the 
regions, in the upper polysilicon layer 22, overlying 
the portions of the first polysilicon layer 20 in which 
the gate regions are to be formed, the mask 
(figures 7 and 8) for source and drain regions in 25 
the well 2, and the mask 30 -30" (figure 10) for 
source and drain regions in the substrate 1 and the 
definition of the lower plate of the capacitor. Essen- 
tially, the mask for the source and drain regions in 
the substrate is employed for the definition of the 30 
second plate of the capacitor, thus eliminating the 
specific masking step provided for this purpose 
according to the prior art. 

Figures 12 to 16 are successive views of a 
semiconductor structure during different capacitor 35 
production steps, according to another embodiment 
of the method shown with reference to figures 1 to 
11. More in particular, this embodiment comprises 
process steps identical to those shown for the 
previous example up to obtain the siructure of 40 
figure 5, which comprises the two polysilicon lay- 
ers, interleaved by an oxide layer, deposited above 
the substrate and the mask 23 -23" at the regions 
in which the capacitor and the gate regions are to 
be formed. According to this embodiment, after 45 
etching the upper polysilicon layer and the inter- 
posed oxide, the lower polysilicon layer is etched 
using the same mask. The structure of figure 12 is 
thus obtained, wherein the elements corresponding 
to the previously shown embodiment have been 50 
indicated by the same reference numerals in- 
creased by 100. In the figure, the N-type substrate 
101, the P-well 1Q2. the insulations 103 and 104, 
the field oxide regions 105, the oxide layer 106, the 
first polysilicon portions 120', 120" and 120" re- 55 
spectively defining the gate of the transistor to be 
formed in the well 102, the gate of the transistor to 
be formed in the substrate 101 and the lower plate 



of the capacitor, the oxide portions I2l', 121 ' and 
121" and the second polysilicon layer portions 
122 . 122 and 122", arranged exactly overlying the 
remaining portions of the first polysilicon layer are 
visible. Then a masking step is performed for the 
obtainment of the mask 125 shown in figure 13, 
Said mask, identical to the threshold adjustment 
mask 15. has a window 126 at the well 102. as 
shown in figure 13. Then the uncovered second 
polysilicon layer portion 122', is etched away, ob- 
taining the structure visible in figure 14. The oxide 
121 is then etched, arsenic is implanted to form 
the source and drain regions of the transistor in the 
well 102. the masking resist layer 125 is removed 
and the surface is reoxidated. obtaining the struc- 
ture shown in figure 15. in which the layers 133 
accommodating the implanted arsenic ions, and the 
oxide layer 1 27 which covers the entire surface are 
visible. 

Then the mask for the source and drain re- 
gions in the substrate, made of the resist layer 130 
shown in figure 16. is deposited. Said mask, having 
a window 131 at the active region of the substrate, 
thus allows a successive implant of boron ions 
through the oxide layer 127. Subsequently, if de- 
sired, the uncovered oxide 127 and the polysilicon 
are etched, removing the portion 122'. Then the 
mask 130 is removed and, if necessary, a further 
reoxidation of the surface is performed. 

As can be seen from figures 12 to 16. accord- 
ing to this different embodiment the mask defining 
the upper plate of the capacitor and adapted to 
define the gate regions of the complementary tran- 
sistors (by virtue of the selectivity of the oxide and 
polysilicon etchings) has been used for the defini- 
tion of the lower plate of the capacitor. In this case, 
too. the method therefore requires one masking 
step less than the prior art. 

The method allows numerous other variations, 
not illustrated in detail. In particular the fact is 
stressed that though in the first embodiment the 
mask for the source and drain regions in the sub- 
strate has been used for the definition of the lower 
plate of the capacitor, and though, in the second 
embodiment, the mask defining the upper plate of 
the capacitor is used for the same purpose, an 
embodiment is conceivable in which the mask used 
to form the source and drain regions in the well is 
employed for the definition of the lower plate of the 
capacitor by appropriately configuring the em- 
ployed masks. 

Furthermore the steps for obtaining the source 
and drain regions within the well and within the 
substrate may be performed in the inverse se- 
quence, this possibly being even advantageous in 
order to save oxide etching and reoxidation steps, 
by virtue of the possibility of implanting the boron 
ions through an oxide layer. 
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It is furthermore possible to produce capacitors 
by directly employing the polysilicon lines defining 
the gate regions of the complementary transistors, 
in this case the obtained capacitors do not have 
the square shape illustrated in the figures, but are 
manufactured by making use of the considerable 
length of the polysilicon lines above the field oxide 
regions. In this manner a considerable saving of 
space and therefore an increase in the density of 
the device are obtained, which advantage is par- 
ticularly appreciated in view of the current trend 
towards miniaturization. 

As is apparent from the preceding description, 
the invention fully achieves the intended aim and 
objects. In particular, by employing one of said 
masks, it is possible to reduce the number of 
masking steps, thus reducing the costs of the fin- 
ished device. 

The fact should furthermore be stressed that 
the method according to the invention allows the 
elimination of the registration errors of the mask of 
the second polysilicon layer used to produce the 
upper plate of the capacitors, which risk is present 
in the method according to the prior art. 

The invention thus conceived is susceptible to 
numerous modifications and variations, all of which 
are within the scope of the inventive concept. In 
particular, besides the possibilities already illus- 
trated above, the fact is stressed that the reox- 
idation steps may be replaced with the deposition 
of oxides such as TEOS (Tetraethyiorthosilicate) or 
ONO (Oxide-Nitride-Oxide). 

The method according to the invention, typi- 
cally illustrated for a CMOS process with P-well. 
may furthermore also be applied to CMOS pro- 
cesses in a P-type substrate with N-well by appro- 
priately moaifying the sequence of the steps and 
the implanted ion species, or even to NMOS pro- 
cesses of the type with double polysilicon layer in 
which the second polysilicon layer is used only for 
the capacitor plates, by employing agair either the 
mask which defines the upper plate of :he capaci- 
tor or the mask for patterning the gate regions in 
order to pattern the lower capacitor plate. 

The fact is furthermore stressed that the thic- 
knesses and the dopings of the polysilicon layers 
indicated in the preceding description are merely 
by way of example. 

All the details may be furthermore replaced 
with other technically equivalent on9S. 

Where technical features mentioned in any 
claim are followed by reference signs, those refer- 
ence signs have been included for the sole pur- 
pose of increasing the intelligibility of the claims 
and accordingly, such reference signs do not have 
any limiting effect on the scope of each element 
identified by way of example by such reference 
signs. 



Claims 

1. A method for making capacitors in CMOS 
processes, comprising the steps of: 

5 - on a semiconductor substrate (1,101) having a 
first conductivity type, having at least one active 
region (10) wherein a MOS transistor is to be 
formed, accommodating at least one well (2.102) of 
a second conductivity type, substantially opposite 

io to said first conductivity type, and partially covered 
by a field oxide layer (5.105). deposition of a first 
semiconductor layer (20,120) intended to form gate 
regions of CMOS transistors and a first plate of 
capacitors. 

rs - growth of an insulating layer (21,121) on said first 
semiconductor layer, 

- deposition of a second semiconductor layer 
(22,122) intended to form a second plate of said 
capacitors. 

20 - first masking of said second semiconductor layer 
through a first mask (23) covering portions defining 
said second plate and said gate regions, 

- removal of portions of said second semiconductor 
layer not covered by said first mask. 

25 • second masking of said semiconductor layers 
through a second mask (25,125) having at least 
one first window (26,126) at said well. 

- first implant of ions through said first window for 
forming source and drain regions of said first con- 

30 ductivity type, 

- third masking of said semiconductor layers 
through a third mask (30.130) having at least one 
second window (31.131) at said active region of 
said substrate, 

35 - second ion implant through said second window 
for forming source and drain regions of said sec- 
ond conductivity type, 

- wherein at least one of said first, second and third 
masks is used for removing delimitation portions of 

40 said first semiconductor layer extending around 
said first plate, for defining said first plate. 

2. A method according to claim 1, character- 
ized in that said third mask (30) is used for remov- 
ing said delimitation portions. 

4 5 3. A method according to claims 1 and 2, 

characterized, after said steps of deposition of said 
first semiconductor layer (20). growth, deposition of 
said second semiconductor layer (22), first masking 
(23) of said second layer, removal of portions of 

so said second layer, by the steps of: said second 
masking (25), first removal of portions of said first 
layer facing said well (2), said first ion implant (28). 
said third masking, with said third mask (30) having 
windows (31) at said active region (10) of said 

55 substrate (1) and said delimitation portions of said 
first layer, second removal of portions of said first 
layer at said windows, and said second ion implant. 
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4. A method according to claim 1, character- 
ized in that said second mask is used for removing 
said delimitation portions. 

5. A method according to claims 1 and 4. 
characterized, after said steps of deposition of said 
first semiconductor layer, growth, deposition of said 
second semiconductor layer, first masking of said 
second layer, removal of portions of said second 
layer, by the steps of: said second masking, with 
said second mask having windows at said well and 
said delimitation portions of said first layer, first 
removal of portions of said first layer at said win- 
dows, said first ion implant, said third masking, 
second removal of portions of said first layer facing 
said active region, and said second ion implant. 

6. A method according to claim 3 or 5, char- 
acterized in that a step of removal of said insulating 
layer (21) is carried out immediately after said step 
of removal of portions of said second layer (22). 

7. A method according to claim 3 or 5, char- 
acterized in that a step of removal of said insulating 
layer (21) is carried out immediately after said 
second masking. 

S. A method according to claim 3 or 5, char- 
acterized in that said second masking (25), said 
first removal of portions of said first layer (20) and 
said first implant (28) are carried out before said 
steps of third masking (30) f second removal of 
portions of said first layer and second implant. 

9. A method according to claim 3 or 5. char- 
acterized in that said third masking, said second 
removal of said first layer and said second implant 
are carried out before said steps of second mask- 
ing, first removal of portions of said first layer and 
first implant. 

10. A method according to claim 1, character- 
ized in that said first mask (23) is used for remov- 
ing said delimitation portions. 

11. A method according to claims t and 10, 
characterized, after said steps of deposition of said 
first semiconductor layer (120), growth of said in- 
sulating layer (121), deposition of said second 
semiconductor layer (122). first masking (23) of 
said second layer, removal of portions of said sec- 
ond layer (122). by the steps of: removal of por- 
tions of said insulating layer (121), removal of por- 
tions of said first layer (120). said second masking 
(125). said first ion implant, said third masking 
(130) and said second ion implant (140). 

12. A method according to claim 11, character- 
ized in that said steps of second masking (125) 
and of first ion implant are carried out before said 
steps of third masking (130) and of second ion 
implant (140). 

13. A method according to claims 11 and 12. 
characterized, after said second masking, by the 
steps of removal of portions (122 ) of said second 
layer, removal of portions of said insulating layer 



(121 ) and any insulating portions (106) covering 
said well (102) and said first ion implant is subse- 
quently performed. 

14. A method according to claim 11, character- 
5 ized in that said steps of third masking and of 

second ion implant are carried out before said 
steps of second masking and of first ion implant. 

15. A method for making capacitors in NMOS 
processes, comprising the steps of: 

io - on a semiconductor substrate having active re- 
gions wherein NMOS transistors are to be formed 
and being partially covered by a field oxide layer, 
deposition of a first semiconductor layer intended 
to form gate regions of NMOS transistors and a 

is first plate of capacitors, 

- growth of an insulating layer on said first semi- 
conductor layer, 

- deposition of a second semiconductor layer in- 
tended to form a second plate of said capacitors, 

20 - first masking of said semiconductor layer through 
a first mask covering portions defining said second 
plate and said gate regions, 

- removal of portions of said second semiconductor 
layer not covered by said first mask. 

25 - second masking of said first semiconductor layer 
through a second mask having at least one window 
at said active region, 

- implant of ions through said window for forming 
source and drain regions in said active region, 

30 - wherein at feast one of said first and second 
masks is used for removing delimitation portions of 
said first layer extending around said first plate, for 
defining said first plate. 

35 
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